Non-invasive measures of immunological markers are an att ractive means of stress assessment in laboratory anim als. Salivary IgA has been used successfully as a stress marker in the human, and several reports indicat e the potential of secretory IgA as a non-invasive measure of stress in anim als. T he present paper describes the development of an ELISA using commercially avai lable components for the quant i®cat ion of rat IgA and validation of this assay for the quant i®cat ion of rat secretory IgA in saliva and faeces. T he concentration of IgA in rat saliva varied signi®cantly between duplicate samples obtained from individual rat s, and the viscosity and small total volume of rat saliva gave unsatisfac tory results for IgA. Faecal IgA was present in high concentrations, and duplicate sam ples varied by only 2±3% . However, faecal IgA seemed less stable than IgA in other biological compartments, and this ®nding must be taken into consideration when using quanti tative measurements of IgA as a marker of mucous humoral immune status. (2001) 35, 301-306 C o rre spond e nc e to : Ja nn Ha u. E-m a il: Ja nn.Hau@b m c.uu.se
Long-term pre-pathological stress in animals is dif®cult to quantify, and there are no generally accepted non-invasive biomarkers of long-term stress. Classical stress hormones like corticosteroids are not readily applicable for a number of reasons that include: (i) the sampling of blood is a stressful procedure in itself, (ii) if urine is used as the sample source the animals need to be accommodated in metabolic cages which may be stressful to them, (iii) there are signi®cant intraindividual and inter-individual variations and feed-bac k inhibition, and (iv) corticosteroid binding globulin and other serum proteins inactivating the bound corticosteroids need to be quanti®ed as well.
It is well documented that stress of long duration results in immunosuppression (Siegel 1987 , Herbert & Cohen 1993 , and components of the immune system have been employed in stress assessments with some success (Calabrese e t a l. 1987) . Secretory IgA is present in the saliva, which can be collected by a non-invasive method. Secretion of salivary IgA has been shown to be decreased in humans during various stressful situations, including students during examinations and women after childbirth and after intense physical and emotional stress (McCl elland e t a l. 1985, Annie & Groer 1991 , Gleeson e t a l. 1995 , Deinzer & Schuller 1998 , Ng e t a l. 1999 . Conversely, relaxation has been shown to increase the levels of secretory IgA in the saliva (Green e t a l. 1988 ).
Salivary IgA has been studied as a possible stress marker (see Persson 1998 for review) in animals including primates (Carver & Hau 2000) and chickens (Florence e t a l. 1995) . During demanding training, working dogs that were most stressed, according to behavioural assessment, also showed a marked decrease in IgA in the saliva: a negative correlation between salivary cortisol and IgA was also described in these dogs (Skandakumar e t a l. 1995). T his negati ve correlation between salivary cortisol and IgA has also been demonstrated in man (Hucklebri dge e t a l. 1998).
Salivary IgA has also been quanti®ed in rats by rocket immunoelectrophoresis by Guhad and Hau (1996) , who suggested that this molecule might be a useful marker for wellbeing in the rat. T he aim s of the present study were to apply a rat saliva sampling technique developed previously (Guhad & Hau 1996 ) and to develop an ELISA method for the accurate and reliable quanti®cati on of IgA in serum, faeces and saliva from the rat.
Materials and methods

Anim a ls
T he samples analysed in the study were obtained from male and female outbred SPF Wistar and Sprague Dawley rats (B & K, Sollentuna, Sweden) which arrived at the age of 7 weeks and were allowed to acclimatize for a week in single-sex groups of ®ve in standard Makrolon cages size 4 (Tecniplast, Buguggiate, Varese, Italy). All samples were from animals of less than a year old. T he room had arti®cial lighting with a 12 =12 h dark = light cycle. T he lights were on between 01:00 h to 13:00 h. T he room had a regulated temperature of 21 1 C and a relative humidity of 30±60% . T he rats had free access to a standard pelleted diet (R36, Lactamin AB, Stockholm, Sweden) and to tap water.
Sa liva sa m pling
Each rat was picked up and shown a small piece of chocolate (Marabou, Stockholm, Sweden). A pre-weighed disc (6 mm in diameter) of ®lter paper (Whatm an No. 1, Sigma) was placed under the tongue of the rat for approximately 30 s. T he rat was then returned to the cage and received the chocolate as a reward. T he disc was weighed to measure the amount of saliva and stored in an Eppendorff tube at ¡ 20 C until analysis.
T he saliva was extracted by adding 500 ml phosphate buffered saline (PBS) buffer containing 0.1% Tween pH 7.2 to the Eppendorff tube with the paper disc and incubati ng the mixture with slow shaking at 35 C for 2 h. After this, the extract was diluted to a ®nal dilution of 1:600 with PBS=Tween.
Stim ula tio n o f sa liva se cre tio n: T he majority of samples were obtained from normal unstimulated rats, but a number of rat s (nˆ12) were subjected to saliva stim ulation through intramuscular injection of Pilocarpine (T IKA, Helsinki, Finland) at a dose of 4 mg=kg body weight. Saliva was sampled by plastic micropipette suction directly into Eppendorff tubes from the stimulated rats.
Fa e ca l pe lle t sa m pling
Faecal pellets were collected from individual rats and stored at ¡ 20 C until analysis. T he frozen pellets were thawed out at room temperature and dried on a paper tissue for 70 min at 35 C, followed by 30 min at room temperature before weighing. One ml PBS buffer pH 7.2 was added for each 20 mg of sample to obtain a ®nal faecal concentration of 20 mg=ml for all samples. T he mixture was then homogenized=solubilized by spinning in a vortex 4±6 times during 60 min, after which the homogenat e was centrifuged for 15 min at 1600 g and the supernatant was then centrifuged at 7200 g for 10 min. A 1 ml sample of this supernatant was used to prepare dilutions ranging between 1:1000 to 1:166 000 in PBS buffer.
IgA e nzym e link e d im m uno so rb e nt a ssa y (ELISA)
Microtitre plates (Maxisorp, Nunc, Roskilde, Denmark) were coated with 100 ml of af®nity puri®ed Goat anti-rat IgA (Fc)=7S antiserum (Nordic, Tilburg, T he Netherlands) diluted 1:1200 in carbonate buffer pH 9.6 and left overnight at 4 C. At each washing step the plates were washed 5 times with 0.15 M PBS (0.05% Tween), pH 7.2 at room temperature. Following the ®rst washing procedure after plate coating the wells received 200 ml blocking buffer: 1% tryptophane in PBS, pH 7.2 and were incubated for 2 h at 37 C. Following a second washing step, 100 ml samples were added to each well and incubated at one hour on a shaking table at room temperature. Following a third washing step the IgA molecules were detected with af®nity puri®ed horseradish peroxidase conjugated Goat anti-rat IgA (Fc )=7s antiserum (Nordic, Tilburg, T he Netherlands). Each well received 100 ml of the peroxidase labelled antiserum diluted 1:1700 in the PBS buffer, and the plates were placed on the shaking table for 2 min at room temperature, after which they were incubated at 37 C for 50 min. After a new washing procedure 100 ml o-phenylendiamine substrate (KemEnTec, Copenhagen, Denmark ) in citrate buffer (4 mg=10 ml) and 4.2 ml H 2 O 2 (Merck) per 10 ml were added to each well and the plate was incubated in the dark at room temperature for 15 min, after which the reaction was stopped with 150 ml 1 M H 2 SO 4 per well.
T he plates were read in an ELISA reader (Multisc an RC, Labsystem s, Helsinki, Finland) at 492 nm and data recorded by Delta Soft 3 TM (Software Biometallics, Inc., Princetown, NJ, USA).
Sta nd a rd s a nd c o ntro ls:
Puri®ed rat IgA puri®ed from ascites induced by myeloma cells, IR22 (ICN Biom edicals Inc., Aurora, Ohio, USA) was diluted to 10 different standard points ranging from 0.5 ng=ml to 84 ng=ml.
No rm a l ra t se rum sta nd a rd : Serum of clinically healthy Sprague Dawley rat s (nˆ5) and Wistar rat s (nˆ5) of both sexes was pooled and diluted 1:500±1:24 000. Nine different standard points matc hed to the pur-i®ed rat IgA dilution curve for translation into ng=ml were used for the standard curve ranging from 0.3 ng=ml to 28 ng=ml.
As internal assay control sam ples served rat faeces extracts (nˆ10 ) diluted 1:30 000, 1:70 000 and 1:270 000 and normal rat serum (nˆ10) diluted 1:1000, 1:5000 and 1:12 000 stored in aliquot s at ¡ 20 C. New aliquots of these internal control samples were thawed out for every assay run, whereas the standard samples were thawed out every 2±3 days and maintained in the refrigerator for a maximum of 3 days before they were discarded and new standard samples thawed out.
Eth ic s c o m m itte e a ppro va l T he regional ethics committee of Tierp, Uppland, Sweden, approved the experimental procedures.
Results
ELISA line a rity a nd se nsitivity
T he standard curves in the different secretory IgA ELISAs were linear in the ranges of 2.4± 19.6 ng=ml (serum dilution standards) and 4.4±28.0 ng=ml (puri®ed rat IgA standards). T he sensitivities were 0.5±0.6 ng=ml, i.e. the lowest standard, which was more than 3 standard deviations above the mean background level.
Parallelism was recorded for dilution curves of puri®ed rat IgA, normal rat serum pool, saliva and faeces, with slopes ranging from a minimum of 1.01 (saliva) to a maximum of 1.69 (puri®ed IgA) (Fi g 1).
Assay va ria tio n and a ssa y a pplic a tio n T he intra-assay coef®cient of variation was 3.0% for rat serum samples (nˆ96) and 2.3% for faeces samples (nˆ44).
Fig 1 ELISA standard curves. See text for details
Rat secretory IgA ELISA in saliva and faeces T he inter-assay coef®cient of variation, calculated from different aliquots of internal controls, was 4.0% for serum samples (nˆ9) and 5.8% for faeces samples (nˆ19), but up to 13% for different aliquot s of internal faeces controls assayed on different days (nˆ34).
Sa liva IgA: T he IgA contents were measured in pooled rat saliva. T he variation between different sam ples obtai ned from Pilocarpine-stimulated rat saliva pools ranged from 0.8±13.9% (4 pools of saliva from 2±3 rats). T he variation between different samples obtained from pooled saliva using the ®lter paper sampling technique ranged from 0.04±11.7% (5 pools of saliva from 2±6 rats). T he IgA concentration recorded from paper disc sam pling of individual rats consecutively varied between 1.5±28% (4 rat s, 2±3 consecutive samples from each rat ).
Fa e ce s IgA : T he IgA concentration was measured in different faecal pellets from individual animals (nˆ12 ). T he betweenpellet variation from individual rats (nˆ6) varied between 0.1% and 41% . T here was no apparent difference in concentrations and ranges in IgA within different biological compartments with regard to sex and stock (Wistar and Sprague Dawley) and no difference in the range of IgA concentrations in saliva from unstimulated rats as compared with Pilocarpine-induced rats' saliva.
Discussion
Non-invasive measures of long-term stress are much needed for small laboratory animal species, and secretory IgA, which has been demonstrated to be reduced in saliva concentration in the human during stress, may be a likely biomarker for stress assessment in animals.
Saliva sampling from unstimulated small rodents is associated with an inherent problem of small sample size. Handling small sample sizes results in decreased accuracy and precision, adding to variation between double samples, which are larger when samples are obtai ned from a small biological compartment such as saliva, compared with a large compartment such as blood.
We have previously developed a paper disc sampling method, which works well in rats, and quanti®ed salivary IgA by rocket immunoelectrophoresis (Guhad & Hau 1996 ) using the paper discs applied directly into the antibody containing gels.
In the present paper we used the paper disc sampling technique, combined with our newly developed rat IgA ELISA for measuring secretory IgA in saliva and faecal rat pellets, as a non-invasive measure of mucosal immune status.
T he ELISA was developed using exclusively commercially available reagents, and validated for IgA analyses in serum as well as secretory IgA in other biological compartments. In most of our ELISA systems we use extensive washing procedures combined with blocking procedures, normally using aromati c amino acids as blocking agents (Andersen e t a l. 1990). However, in the present rat IgA ELISA there was generally no need to employ speci®c blocking procedures between steps, but the extensive washing procedures were maintained as routine. T he bac kground level was low, thus resulting in a good sensitivity, below 0.6 ng=ml. Dilution series of a master standard of commercially avai lable puri®ed rat IgA were used as standards, but the assay worked equally well with dilution series of normal rat serum, rat saliva or rat faeces extract. T he graphs obtained by using diluti on series of puri®ed IgA, serum, saliva and faeces were reasonably parallel. However, the slopes of dilution curves of the puri®ed IgA, rat serum and rat faeces extract were slightly steeper than those obtained for dilution series of saliva. T his is most likely due to greater homogeneity in salivary IgA than in puri®ed myeloma IgA and serum and faecal IgA. T he intra-assay and inter-assay coef®cients of variat ion for serum IgA and faecal IgA were acceptable. However, a higher than normal variation coef®cient (11.8% ) was observed for faecal IgA measures between plates assayed on different days using different aliquots of the internal controls. T he reason for this may be that the stability of IgA in faeces samples is lower than that of the IgA in serum even when samples are stored at ¡ 20 C. T his variation was probably not caused by proteolytic enzymati c degradation of IgA because there was no gradual consistent decrease in IgA concentration in the frozen internal controls. Before this variat ion is completely clari®ed it would be advisable to store samples for faecal IgA quanti®cation at ¡ 70 C.
Due to the high and heterogeneous viscosity of saliva samples, duplicates obtained from the same pool of saliva were recorded to vary signi®cantlyÐup to 15% Ðin IgA concentration, rendering the use of native saliva samples problem atic for recordings of minor changes in saliva IgA concentrati on. T he paper disc sampling technique that we have applied in our previous studies (Guhad & Hau 1996) did not add to this variation and must be seen as a very reliable sampling system. However, when we applied the paper disc sampling to obtain multiple samples from individual rats the IgA concentration was recorded to vary up to 28% . A likely reason for this is that the volume of saliva in the rat oral cavity is small, and IgA concentrat ions may vary between samples obtained from different sites within the oral cavity (results not shown).
Measurement of IgA in rat faeces, with a view to obtai ning inform ation on mucosal immune status, may be less problematic than salivary IgA quanti®cati on. Faeces is usually available in generous quantities and, due to the highly standardized diets used in laboratory anim al facilities, little variation between animals within experimental groups with regard to quantity and physico-chemical quality of the faeces may be expected.
Our present analyses suggest that there may be signi®cant variati on in IgA concentration between faecal pellets from individual rats. As a consequence of this it is recommended to pool all faecal pellets from individual animals within a relevant time window, homogenize them and obtain samples from this pool rather than from individual pellets.
In conclusion, the present paper describes the validation of a rat IgA ELISA, developed using commercially available reagents, for quanti®cation of secretory IgA. Studies of salivary IgA indicate that large sample size in proportion to total saliva volume in the oral cavity, combined with the viscosity and heterogeneity of saliva, results in large variat ions between consecutive samples from individual animals. Pilocarpine-induced saliva excretion is itself an experimental procedure and is not likely to be usable in routine assessments of stress. T his reduces the usability of salivary IgA measures as markers of mucosal humoral immune status. By contrast, faecal IgA is present in large quantities, allowing reliable and accurate measurements. Faecal IgA may be a likely candidate for future non-invasive stress assessment in rats.
